Equipment
Bright-field microscope Centrifuge Centrifuge tubes Colony counting software, or plastic sheet with grid for manual counting (see Step 14) Incubator at 37˚C Tissue-culture plates (24-well, flat-bottomed)
METHOD
A graphic flowchart of the method is provided in Figure 1 .
Plating Cells for Colony Formation 1. Treat the cells with a cytotoxic stimulus as described in Protocol: Triggering Apoptosis in Hematopoietic Cells with Cytotoxic Drugs (Crowley et al. 2015) or Protocol: Triggering Death of Adherent Cells with Ultraviolet Radiation (Crowley and Waterhouse 2015b) . 2. Observe the cells with a bright-field microscope.
Observing your cells by microscopy before harvest can highlight any issues, such as infection, that may negatively affect colony formation.
Harvest all cells as follows:
Colony-forming assay ii. Cover the cells with trypsin-EDTA solution and incubate at 37˚C until they become detached. iii. Add the detached cells (Step 3.ii) to the medium (Step 3.i) and any PBS washes.
iv. Pellet the cells by centrifugation at 500g for 5 min. 4. Add 1 mL of cell suspension to each well of a 24-well culture plate.
Larger or smaller plates can also be used, and the number of cells in each well can be increased or decreased to obtain the best size and distribution of colonies. It is important to seed cells so they have sufficient space to proliferate without merging with neighboring colonies. The optimum number of cells per well can be determined by plating different numbers of untreated cells or performing a serial dilution.
5. Incubate the cells for 7 d at 37˚C. Check for the formation of colonies using a bright-field microscope. Proceed to fixation (Step 6) when the colonies are a sufficient size for counting.
Plates should be housed on their own shelf in the incubator and remain undisturbed. Excessive movement can result in dispersion of mitotic cells, which may result in formation of new colonies.
One to two weeks are sufficient for HeLa cells to form colonies that are easy to count. The time required to grow colonies from other cell types will vary based on the proliferation rates of each individual cell type.
Colonies of 50 cells are sufficient for counting by light microscopy at low resolution. Cells can be returned to the incubator for an extended duration if required.
Fixing and Staining Colonies for Counting
6. Gently remove all medium from the dish. Carefully add sufficient 100% methanol to cover the cells. Cover the dish and incubate at room temperature for 20 min.
Colonies can become detached from the dish if washed too vigorously. This can be avoided by tilting the dish when removing and adding liquid (medium and methanol). Less care is required after the cells are fixed because the colonies become more difficult to remove.
7.
Remove the methanol and rinse the cells with H 2 O. Add sufficient crystal violet staining solution to cover the cells. Incubate the dish for 5 min at room temperature.
Wash the cells with H 2 O until excess dye is removed.
Plates at this stage can be washed under running water or in a large water bath, as the colonies are now well fixed.
9. Invert the plates on tissue paper to dry overnight.
View the cells by bright-field microscopy and count the colonies.
A colony is considered to be a defined, nonoverlapping group of at least 50 cells. Colonies can be counted manually by light microscopy, and a grid printed on a transparent plastic sheet and stuck to the bottom of the dish can be used to keep track of colonies counted. Alternatively, images of each plate can be scanned using colony counting software. An example of data obtained from this protocol is presented in Figure 2 . 
DISCUSSION
This protocol can yield important information about the long-term proliferative potential of cells that cannot be determined by short-term assays. For example, it provides a good indication of whether cells in a population will die although they would not yet be counted as dead by trypan blue staining or propidium iodide (PI) uptake. However, the inability to proliferate in colony-forming assays does not specifically indicate that a cell has died or that it has lost its ability to function; therefore, this assay cannot be used to definitively indicate death or survival. Addressing this issue may require longer assays in which the cells are observed over many months. Cells that survive but do not proliferate may still provide essential functions in the body. Although such cells are unlikely to cause relapse in cancer, it is possible for them to eventually reenter the cell cycle (Kuilman et al. 2010) . They may still be capable of producing cytokines and growth factors, or may act as adhesion points for neighboring cells that provide essential functions (Davalos et al. 2010) . Combining the colony-forming assay with assays that directly measure cell death is likely to provide more complete information about the fate of cells in a population (Sedelies et al. 2008 
